The purpose of this article is to encourage advisors to consider choosing a topic related to sports analytics for their next undergraduate research project. We discuss some of the advantages of working in problems related to sports analytics in an undergraduate research context. We also give a sense of the skills necessary to be successful in research, some ideas of what would make good problems, and avenues to present results.
Introduction
Over the last few years, analytic techniques to investigate problems in sports have grown in strength and popularity. In the 1990s and 2000s, the Oakland Athletics' "moneyball" approach was a novel way of examining the value of baseball players [Lewis 2003 ]. Analysts looked at more accurate baseball statistics than traditional stats such as batting average and earned run average. This provided an alternate way to find talented baseball players whose true skills were better than traditional baseball statistics indicated, and allowed the Athletics to find winning players with a limited payroll. One example of a less traditional statistic examined by analysts is on-base percentage. This statistic may give a more accurate representation of the run-scoring potential of a player than batting average. In the last few years, many professional sports teams have mimicked this approach by employing groups of researchers who analyze game and other team-related data searching for trends that will allow their teams to be more successful on the field. The improvements and suggestions are not necessarily complicated, nor do they require strong mathematics, and there are advantages for analysts who are novices to particular sports as this may allow fresh eyes to see an unnoticed trend.
Although we will focus on applications in sports, these types of analyses have become more prevalent in other fields. For instance, Nate Silver's election predictions 424 CARL R. YERGER (fivethirtyeight.blogs.nytimes.com) are a well known application of data analysis to political science. Many industrial companies use analytic techniques for supply chain optimization. Other retail-based companies look for ways to save money or to better price products such as airfares, grocery items or insurance policies. There are also companies such as Coremetrics (now IBM Enterprise Marketing Management; see ibm.com/marketing-solutions), Omniture (now part of the Adobe Marketing Cloud; see adobe.com/solutions/digital-marketing.html) and Webtrends (webtrends.com) that specialize in analytics related to websites. In the future, there are likely to be many employment opportunities in analytics with large corporations or with analytics-focused companies. In this article, we will describe types of sports analytics problems found in the literature, useful skills for a successful project, ideas to help advisors find interesting problems and ways for students to present research results.
Useful skills
There is no prerequisite to know anything about sports before analyzing sportsrelated data. Sometimes strong knowledge about a sport can make it more challenging to develop new ideas because new ideas may involve unconventional approaches or statistics. One reason to use sports as a starting point is that there are mountains of available public data that can be analyzed in a variety of ways. In addition to new knowledge gained, one benefit for students who work in sports analytics is that they can learn skills directly applicable to many career paths. In subsequent sections, we describe important problems in the field, but first we will discuss the types of skills students will learn while conducting research in sports analytics.
One substantial skill that can be obtained by working on sports projects is data analysis. Students may need to learn theoretical aspects of different types of regressions and other statistical techniques. For example, a logistic regression may be helpful in making predictions about binary variables such as predicting a win or a loss. In addition students may need to test theories and so must learn about hypothesis testing to make mathematically rigorous statements about their results. A sports analytics focus could fit nicely with class projects in an upper-level mathematical statistics class. One source of ideas for projects in such a course is to look at problems similar to those listed in the essays for the Tools from learning theory for the classification of objects into different sets may also be required for certain problems. For instance, a project may involve determining what factors related to the dynamics of a NASCAR race are conducive to a large number of caution flags. Another example might be tracking baseball pitching patterns to detect subtle signs of fatigue. Such techniques, including clustering and using singular value decompositions may require deep forays into numerical linear algebra.
A more practical issue in many studies is obtaining and working with large sets of data. Students may have to know rudimentary or possibly more substantial programming in order to acquire and process data efficiently. This programming may take the form of simple if/then statements in Microsoft Excel or another spreadsheet program. It could also involve writing a script in Perl or another more sophisticated programming language so that large amounts of data can be pulled from a website storing the results of a particular set of sporting events. How to scrape data from a website will be discussed in more detail later. The diversity of skills required to be successful in this area makes it an excellent candidate for interdisciplinary projects linking students in mathematics, economics, computer science and related fields. It will also force students to be able to communicate ideas to students in related fields. Further, students can see how the strengths of their majors can work well with others to make more interesting projects. For instance, at the 2012 TURMS Conference, Michael Dorff, professor of mathematics at Brigham Young University and director of the Center for Undergraduate Research in Mathematics, remarked in his talk about careers in mathematics that many engineering firms are interested in hiring mathematicians because their thinking skills, when combined with the engineering know-how of others, is synergistic. Dorff mentioned that an engineering firm told him that by applying different schools of thought to a problem, groups with mixed technical backgrounds often find a solution faster and more effectively than a group with, say, only engineers. Another more objective measure, the 2013 jobs rating by careercast.com cited in the Wall Street Journal [Weber 2013], lists jobs related to analytics projects as six of the top 20 jobs in their ranking system: mathematician, university professor, actuary, software engineer, computer systems analyst and statistician.
Research problems
Ranking. Ever since players and teams started playing against each other in competitions, a timeless question has been: "Who is the best?" In some sports, such as college football or basketball, it may not be feasible for every team to play every other team. As a result, rating systems have been developed to help compare teams. These systems can be derived from complicated mathematics, such as the Colley [2013] and Massey rating systems (masseyratings.com/theory), which are based on ideas from linear algebra. Variants of each of these ranking systems are currently used as part of the computer ranking for the college football Bowl Championship Series (see bcsfootball.org/news/story?id=4765872). Another interesting ranking method is from Keener [1993] who works with eigenvectors of a set of scores to determine a ranking. One example of recent undergraduate and faculty collaboration in ranking is between Furman University faculty members John Harris and Kevin Hutson and their students. They ranked baseball players using linear algebra-based methods (the project, not yet published, is mentioned in [Chartier 2012b] ). The technique they describe might help to find effective players who are "diamonds in the rough" and may not have a high salary. Another recent REU project at Duke University investigated different ways to rank basketball teams using the so-called BODGE model [Barrow et al. 2012] . Ranking techniques that have traditionally been used for baseball, figure skating, football and basketball have also been applied to other sports, such as golf [Minton 2010] , and there is still plenty of room for improvement.
One challenge in the paper of Harris et al. is that the data used for their analysis was not readily available. Instead, the authors had to find ways to collect information off publicly available websites. One way to obtain data is by using an application programming interface (API) that allows users to search specific company data in a specific manner. For instance, the API allowing users to search within Twitter (see dev.twitter.com) is very popular. Another way to obtain data is to "scrape" itthat is, collect data via the actual HTML output of websites. This technique may take some additional knowledge, but it is sufficiently common that there are many programs and blog posts to help users, such as scrapy.org and [Brody 2012] . What makes scraping challenging is that often the scraper has to reverse engineer how the data of interest is stored on a particular website. Given the ever-increasing amount of data in today's world, it may be worth a student's time to gain familiarity with scraping as data collection has become a field in itself. In particular, for sports, companies such as STATS, Inc. and the Elias Sports Bureau specialize in providing statistical information to sports-related clients.
If students or faculty do not have the time or expertise to obtain data via scraping, there are still many data sets ripe for exploration available online. One interesting project is outlined by Davidson College's Tim Chartier [2012a] , who essentially uses data from Ken Massey's website (masseyratings.com/data.php) where data is stored in text file format for a variety of sports and seasons. A project like Chartier's makes the analysis more approachable to students who may have minimal programming experience. Another source of data that contains play-by-play and other forms of data for NBA games is publicly available for download from (basketballvalue.com). The NBA also has statistical information available on its website (nba.com). As time progresses, more and more data sets will likely be available in formats that are easy for students to manipulate.
Statistical modeling. Regression analysis is another tool that is widely used in many settings, including sports analytics. The basic premise is to develop a bestpossible model for a particular situation based on a set of prior data. This technique is commonly employed in sports-related articles from economics journals, but practitioners in all fields have used this as an important modeling technique. For instance, in my mathematical statistics course at Davidson College, one of my students, Beau Reese, used regression analysis to determine how different factors (both on and off the field) affect the attendance of a Philadelphia Phillies baseball game. Among the characteristics he tested, factors that were significant were a Phillies' starting pitcher's earned run average, the number of "star" players starting in a given game, and whether the game in question was played on a Friday, Saturday or Sunday.
Game theory. Another area of research ripe with questions related to sports analytics is game theory. This field examines optimal strategies for players in structured situations. One example of an already studied area is penalty kicks in soccer. The penalty-kick situation has been modeled as a two-player zero-sum game. Recent empirical studies show that when examining some years of European soccer league [Palacios-Huerta 2003] penalty kicks, the average of the strategies is very close to the optimal minimax strategy predicted by game theory. Questions that are good for game theoretic analysis usually involve one or two players who have the option to make a small number of choices. In the penalty kick situation, the goalie can either decide to move left, move right, or stay in the center position. Similarly, the player may choose to kick the ball to the left, right or center of the goal. In the study, the author found that collectively soccer players play very close to a minimax strategy for penalty kick shooting.
Infographics. One additional area of interest in many settings is finding novel ways to present data. In an age where we are inundated with data, presenting results in an understandable way to potential customers, student-athletes, or donors is very valuable. Infographics is the study of data visualization. A simple example of an infographic is the USA Today series "Snapshots" (usatoday30. usatoday.com/news/snapshot.htm), where a graphic is presented to highlight a trend or describe survey results. Infographics may be useful for marketing, but more importantly, are a way to highlight patterns. For example, an illustrative computer program might help tennis players find locations on the court where they are more than usually prone to make a mistake. It might help a baseball manager analyze a team's hitters quickly to understand their strengths and weaknesses, and be able to make the snap decision to bring in a particular pitcher. For some analytic tools to be useful, they need to be implementable in real time. For instance, a computer program may be helpful by informing a NASCAR crew chief the optimal pit stop strategy at any given point in the race. A further resource is David McCandless' TED talk, "The beauty of data visualization" [2010] .
Ways to find problems
There are numerous methods for finding interesting research problems in this area. Consulting the academic literature, such as the Journal of Quantitative Analysis in Sports or other journals may be a good starting point. Interesting questions may also arise from local coaches who may have questions or coaching strategies that could form the basis of a paper. For example, a conversation with the basketball coach at Davidson College spurred the author to write an article [Britton and Yerger 2013] related to a coaching strategy that involved partitioning the game based on television time-outs. At Davidson College, we have also developed a relationship with Michael Waltrip Racing, and students are working on projects with applications to the racing teams there. Students may be more motivated when there are local people very interested in the outcome of their research. This also could help to develop relationships between colleges/universities and outside community organizations. pt
Presenting results
An advantage of working in sports analytics is that the diversity of skills needed to solve problems allows for a wide variety of venues where work can be presented. One natural place is in research journals related to sports analytics such as the Journal of Quantitative Analysis in Sports, the Journal of Sports Economics or the Journal of Sports Sciences. Undergraduate research journals such as Involve or the Rose-Hulman Undergraduate Mathematics Journal are also venues for presentation. Other more general purpose journals such as The Statistician or journals published by the MAA may also be appropriate, depending upon the problem. There are also many conferences where sports research would be of great interest. The best known conference in this area is the MIT Sloan Sports Analytics Conference. Other potential venues include the Wharton Sports Innovation Conference, the New England Symposium on Statistics in Sports, a Joint Mathematics Meetings special session, or an MAA section meeting. Internationally, the IMA sponsors an International Conference on Mathematics in Sport held biannually. From personal experience, presentations involving sports tend to be well attended because conference participants from many specialties are attracted to sports research.
As a final note, I want to reemphasize that a deep knowledge of sports-related background information is not required to be successful in this area of research. Students have the ability to make contributions to a wide range of problems and develop and use a variety of skills that will be useful in their future endeavors. Another added bonus is that students can be the experts in sports-related topical knowledge and this can provide an enriching experience for both students and faculty.
